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EFFICIENCY AND PRODUCTIVE SPECIALIZATION:
AN APPLICATION TO THE SPANISH REGIONS
Joaquín Maudos, José Manuel Pastor y Lorenzo Serrano
A B S T R A C T
This paper shows the importance of the composition of production -productive
specialization- and sector inefficiencies when evaluating efficiency in aggregate production. For
this purpose, a new approach is proposed for obtaining efficiency scores which enables two
components to be differentiated: one associated with the degree of efficiency within each
sector -intra-sector efficiency- and another associated with the composition of production -
composition efficiency. The application of this approach and its break-down for the Spanish
regions in the period 1964-1993, using a non-parametric approach -DEA- shows greater gains
in composition efficiency as a consequence of the structural changes in productive
specialization. Also, the break-down of labor productivity convergence shows the increasing
importance over time of composition efficiency as a source of convergence, being even more
important than capital accumulation and technical progress from the mid-1970s. Nevertheless,
intra-sector efficiency gains was a significant source of convergence for the whole period
analysed.
Keywords:  Efficiency, productive specialisation, convergence 
R E S U M E N
Este  trabajo  muestra  la  importancia  que  la  composición  de  la  producción
–especialización productiva- y las ineficiencias sectoriales tienen a la hora de valorar la
eficiencia en la producción agregada. Para ello,  se propone una nueva forma de medir la
eficiencia que permite diferenciar dos componentes: uno asociado al grado de eficiencia dentro
de cada sector –eficiencia intrasectorial- y otro asociado a la composición de la producción –
eficiencia de composición-. La aplicación de este indicador y su decomposición para las
regiones españolas en el periodo 1964-93 utilizando un enfoque no paramétrico –DEA-
muestra las mayores ganancias de eficiencia de composición como consecuencia de los
cambios estructurales en la especialización productiva. Asimismo, la descomposición de la
convergencia en productividad del trabajo muestra una importancia creciente a lo largo del
tiempo de la eficiencia de composición como fuente de convergencia siendo incluso más
importante que la acumulación de capital y el progreso técnico desde mediados de la década de
los setenta. No obstante,  para la totalidad del periodo analizado la eficiencia intrasectorial ha
sido una fuente significativa de convergencia. 
Palabras clave:  Eficiencia, especialización productiva, convergencia 3
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7KHUH KDYH EHHQ PDQ\ VWXGLHV WKDW VKRZ WKH LPSRUWDQFH RI LQFOXGLQJ￿ LQ WKH DQDO\VLV RI WKH
SURGXFWLYLW\ RI HFRQRPLF XQLWV￿ WKH HIILFLHQF\ ZLWK ZKLFK WKH\ XVH WKHLU UHVRXUFHV LQ WKH
SURGXFWLYH SURFHVV￿ ,QLWLDOO\ WKLV W\SH RI VWXGLHV ZDV UHVWULFWHG WR WKH DQDO\VLV RI GLIIHUHQW ILUPV
ZLWKLQ RQH ILHOG RI DFWLYLW\￿ +RZHYHU￿ WKH VFRSH KDV EHHQ H[WHQGHG WR WKH HFRQRPLF HYROXWLRQ RI
UHJLRQV DQG FRXQWULHV￿ EHFDXVH WKH RPLVVLRQ RI WKH SKHQRPHQRQ RI LQHIILFLHQF\ FDXVHV
FRQYHQWLRQDO DQDO\VHV WR RIIHU ELDVHG UHVXOWV￿ DV SRLQWHG RXW E\ *URVVNRSI ￿￿￿￿￿￿￿ 7KLV ZRXOG EH
WKH FDVH￿ IRU H[DPSOH￿ RI JURZWK DFFRXQWLQJ DQDO\VLV RI WRWDO IDFWRU SURGXFWLYLW\ ￿7)3￿ DQG LWV
HYROXWLRQ RYHU WLPH￿
7KXV￿ )lUH HW DO￿ ￿￿￿￿￿￿ LQYHVWLJDWH WKH JURZWK RI SURGXFWLYLW\ DW DJJUHJDWH OHYHO LQ ￿￿
FRXQWULHV RI WKH 2(&’ GXULQJ WKH SHULRG ￿￿￿￿￿￿￿￿￿ E\ PHDQV RI 0DOPTXLVW SURGXFWLYLW\ LQGH[￿
)HFKHU DQG 3HUHOPDQ ￿￿￿￿￿￿ XVH WKH VWRFKDVWLF IURQWLHU DSSURDFK ￿6)$￿ WR HYDOXDWH WKH JURZWK
RI 7)3 DQG DQDO\]H LWV FDXVHV ZLWK VHFWRU GDWD UHODWLQJ WR D VDPSOH RI ￿￿ FRXQWULHV RI WKH 2(&’
GXULQJ WKH SHULRG ￿￿￿￿￿￿￿￿￿￿ )LQDOO\￿ 3HUHOPDQ ￿￿￿￿￿￿ HVWLPDWHV WKH JURZWK RI 7)3 GXULQJ WKH
SHULRG ￿￿￿￿￿￿￿￿￿ LQ D FRQWH[W RI ￿ LQGXVWULDO VHFWRUV DQG ￿￿ FRXQWULHV RI WKH 2(&’￿ XVLQJ ERWK
6)$ DQG ’DWD (QYHORSPHQW $QDO\VLV ￿’($￿￿ ,Q WKH FDVH RI 6SDLQ￿ *XPEDX DQG 0DXGRV ￿￿￿￿￿￿
GHPRQVWUDWH WKH H[LVWHQFH RI VXEVWDQWLDO OHYHOV RI LQHIILFLHQF\ LQ PDMRU VHFWRUV RI SURGXFWLRQ LQ
WKH 6SDQLVK UHJLRQV LQ WKH SHULRG ￿￿￿￿￿￿￿￿￿ XVLQJ WKH 6)$￿ VLPLODUO\￿ 0DXGRV HW DO￿ ￿￿￿￿￿￿￿ XVLQJ
’($ DQG WKH 0DOPTXLVW SURGXFWLYLW\ LQGH[￿ DOVR REWDLQ KLJK OHYHOV RI LQHIILFLHQF\ DW DJJUHJDWH
OHYHO LQ WKH 6SDQLVK UHJLRQV
￿￿
,Q JHQHUDO WKLV OLWHUDWXUH KDV FRQFHQWUDWHG RQ WKH JURZWK RI 7)3 DQG LWV EUHDN￿GRZQ LQWR
WHFKQLFDO SURJUHVV DQG FKDQJHV LQ HIILFLHQF\ ZLWKRXW FRQVLGHULQJ LWV LPSRUWDQFH DV D VRXUFH RI
FRQYHUJHQFH￿ 7KH RQO\ WZR H[FHSWLRQV DUH WKH UHFHQW VWXGLHV E\ 7DVNLQ DQG =DLP ￿￿￿￿￿￿ DQG
0DXGRV HW DO￿ ￿￿￿￿￿￿ ZKR VKRZ￿ IRU D VDPSOH RI 2(&’ FRXQWULHV DQG 6SDQLVK UHJLRQV￿
UHVSHFWLYHO\￿ WKDW WHFKQLFDO SURJUHVV KDV EHHQ D VRXUFH RI GLYHUJHQFH LQ ODERU SURGXFWLYLW\￿ MXVW
WKH RSSRVLWH RI JDLQV LQ HIILFLHQF\￿
7KH PHWKRGV WKDW H[SOLFLWO\ LQFOXGH WKH SRVVLELOLW\ RI LQHIILFLHQW XVH RI UHVRXUFHV SRVLW WKH
H[LVWHQFH RI D IURQWLHU WKDW GHILQHV WKH PD[LPXP SURGXFWLRQ SRVVLEOH JLYHQ WKH TXDQWLW\ RI
SURGXFWLYH IDFWRUV XVHG￿ ,QGLYLGXDO LQHIILFLHQF\ ZRXOG EH PHDVXUHG DV WKH UDWLR EHWZHHQ WKH
PD[LPXP RXWSXW DV GHILQHG E\ WKLV WHFKQRORJLFDO IURQWLHU￿ DQG WKH REVHUYHG RXWSXW￿
                                                       
￿ $OO WKHVH SDSHUV FRQILUP WKH LPSRUWDQFH RI LQFOXGLQJ LQHIILFLHQF\ LQ WKH DQDO\VLV￿ 7KXV￿ )lUH HW DO￿ ￿￿￿￿￿￿ DQG
)HFKHU DQG 3HUHOPDQ ￿￿￿￿￿￿ FRPSDUH WKHLU UHVXOWV ZLWK WKH JURZWK RI 7)3 REWDLQHG E\ PHDQV RI WKH VWDQGDUG JURZWK
DFFRXQWDQF\ DSSURDFK￿ IRUPXODWHG ZLWK WKH 7|UQTYLVW LQGH[￿ ,Q ERWK FDVHV VLJQLILFDQW GLIIHUHQFHV FDQ EH DSSUHFLDWHG￿ WKXV
FRQILUPLQJ WKH OLPLWDWLRQ LPSOLHG E\ LJQRULQJ WKH H[LVWHQFH RI LQHIILFLHQF\ ZKHQ HVWLPDWLQJ 7)3￿4
7KH DQDO\VHV RI UHJLRQV RU FRXQWULHV LQ JHQHUDO FRQVLGHU D VLQJOH SURGXFW ￿DJJUHJDWH
SURGXFWLRQ￿ DQG DQDO\]H LWV DJJUHJDWH LQHIILFLHQF\ IURP WKDW VWDQGSRLQW
￿￿ LJQRULQJ WKH PXOWL￿
SURGXFW QDWXUH RI WKH HFRQRPLF DFWLYLW\ RI FRXQWULHV DQG UHJLRQV￿ +RZHYHU￿ QRW WR FRQVLGHU WKH
H[LVWHQFH RI GLIIHUHQW EUDQFKHV RI SURGXFWLRQ￿ HDFK RQH ZLWK GLIIHUHQW WHFKQRORJLHV DQG GLIIHUHQW
GHJUHHV RI LQHIILFLHQF\￿ PD\ VLJQLILFDQWO\ LQIOXHQFH WKH UHVXOWV
￿￿ 7KLV LV EHFDXVH WKH IURQWLHU RI
DJJUHJDWH SURGXFWLRQ ZRXOG QRW KDYH EHHQ REWDLQHG DV WKH DJJUHJDWLRQ RI HIILFLHQW VHFWRU
SURGXFWLRQV￿ DQG LQ WKLV VHQVH ZRXOG FRQWDLQ D FHUWDLQ GHJUHH RI HUURU DWWULEXWDEOH WR WKH
H[LVWHQFH RI GLIIHUHQW VHFWRU LQHIILFLHQFLHV￿ 7KH JUHDWHU WKH GLIIHUHQFHV RI HIILFLHQF\ LQ HDFK
VHFWRU￿ WKH JUHDWHU WKLV HUURU ZRXOG EH￿
,Q RUGHU WR DYRLG WKLV HUURU DVVRFLDWHG ZLWK WKH H[LVWHQFH RI LQHIILFLHQFLHV DW VHFWRU OHYHO￿ WR
HVWLPDWH DJJUHJDWH HIILFLHQF\ LQ WKLV VWXG\ ZH FRQVLGHU￿ LQVWHDG RI DJJUHJDWH RXWSXW￿ WKH VHFWRULDOO\
HIILFLHQW DJJUHJDWH RXWSXW￿ L￿H￿ WKH DJJUHJDWH RI WKH RXWSXWV RI DOO VHFWRUV DIWHU GLVFRXQWLQJ LQWUD￿
VHFWRU LQHIILFLHQF\￿ )URP WKLV VWDQGSRLQW ZH FDQ GLVWLQJXLVK WZR GLIIHUHQW W\SHV RI LQHIILFLHQF\￿
2Q WKH RQH KDQG￿ LQHIILFLHQF\ RI FRPSRVLWLRQ GXH WR LQFRUUHFW DOORFDWLRQ RI UHVRXUFHV DPRQJ
EUDQFKHV RI SURGXFWLRQ JLYHQ WKHLU SDUWLFXODU WHFKQRORJLHV￿ 2Q WKH RWKHU￿ D W\SH RI LQHIILFLHQF\
ZKLFK ZH ZLOO FDOO LQWUD￿VHFWRU LQHIILFLHQF\￿ ZKLFK LV DVVRFLDWHG ZLWK GHILFLHQW XVH RI UHVRXUFHV
DOORFDWHG WR HDFK VHFWRU￿ 7R PHDVXUH SURSHUO\ WKH PD[LPXP DFKLHYDEOH RXWSXW RI HDFK HFRQRP\￿
DQG LWV WUXH RYHUDOO HIILFLHQF\￿ WKH DQDO\VLV VKRXOG LQFOXGH ERWK VRXUFHV RI LQHIILFLHQF\￿
FRPSRVLWLRQ DQG LQWUD￿VHFWRU￿ ,I WKLV LV QRW GRQH￿ DV RFFXUV KDELWXDOO\ LQ DJJUHJDWH DQDO\VLV￿ WKH
VHFRQG W\SH RI LQHIILFLHQF\ LV QHFHVVDULO\ XQGHU￿YDOXHG￿ DQG WKH WUXH LQHIILFLHQF\ WKHUHIRUH
XQGHUHVWLPDWHG￿ $ SXUHO\ VHFWRU DQDO\VLV ZRXOG FDXVH D VLPLODU SUREOHP E\ QRW FRQVLGHULQJ WKH
ILUVW W\SH RI LQHIILFLHQF\
￿￿
                                                       
￿2U WKH\ DQDO\VH VHSDUDWHO\ WKH LQGLYLGXDO LQHIILFLHQF\ LQ HDFK VHFWRU ZLWKRXW GUDZLQJ FRQFOXVLRQV DW DJJUHJDWH OHYHO￿
DV LQ )HFKHU DQG 3HUHOPDQ ￿￿￿￿￿￿ DQG 3HUHOPDQ ￿￿￿￿￿￿￿
￿%HUQDUG DQG -RQHV ￿￿￿￿￿￿ VKRZ WKH LPSRUWDQFH RI WKH FRPSRVLWLRQ RI SURGXFWLRQ LQ WHFKQRORJLFDO FRQYHUJHQFH
￿7)3￿ LQ WKH LQGXVWULDO VHFWRU RI D VDPSOH RI FRXQWULHV RI WKH 2(&’￿ 7KH\ EUHDN GRZQ DJJUHJDWH FRQYHUJHQFH LQWR
SURGXFWLRQ JDLQV ZLWKLQ HDFK VHFWRU DQG FKDQJHV LQ WKH VHFWRU FRPSRVLWLRQ￿ 7KHLU PDLQ FRQFOXVLRQ LV WKDW WKH
YDULDWLRQ LQ WKH VHFWRU FRPSRVLWLRQ H[SODLQV RQH ILIWK RI WKH WRWDO FDWFK￿XS HIIHFW￿ WKHUH EHLQJ D KLJK GHJUHH RI
KHWHURJHQHLW\ LQ WKH EHKDYLRXU RI FRQYHUJHQFH DW VHFWRU OHYHO￿
￿ 7KH GHFRPSRVLWLRQ XVHG LQ WKLV SDSHU LV UHPLQLVFHQW RI WKH ROG &KDUQHV￿ &RRSHU DQG 5KRGHV ￿￿￿￿￿￿ SURFHGXFH
IRU GLVWLQJXLVKLQJ EHWZHHQ PDQDJHULDO HIILFLHQF\ DQG SURJUDP HIILFLHQF\￿5
$ EUHDN￿GRZQ VXFK DV WKH DERYH HQDEOHV WZR FRPSRQHQWV RI HIILFLHQF\ WR EH GLVWLQJXLVKHG￿
,QWUD￿VHFWRU HIILFLHQF\￿ GXH WR D PRUH RU OHVV HIILFLHQW XVH RI SURGXFWLYH IDFWRUV ZLWKLQ HDFK
VHFWRU￿ DQG FRPSRVLWLRQ HIILFLHQF\￿ DVVRFLDWHG ZLWK LQFRUUHFW FRPSRVLWLRQ RI SURGXFWLRQ ￿
SURGXFWLYH VSHFLDOL]DWLRQ LQ WKRVH VHFWRUV WKDW DUH PRUH RU OHVV SURGXFWLYH￿ $FFRUGLQJ WR WKLV
VHFRQG FRPSRQHQW￿ D UHJLRQ FDQ JDLQ HIILFLHQF\ VLPSO\ E\ GHFUHDVLQJ ￿LQFUHDVLQJ￿ WKH ZHLJKW RI
WKRVH VHFWRUV ZKLFK XVH D OHVV ￿PRUH￿ SURGXFWLYH WHFKQRORJ\￿
7KLV VWXG\ FRQVLGHUV ERWK W\SHV RI LQHIILFLHQF\ PHQWLRQHG￿ DQG WKH ZD\ LQ ZKLFK WKH\ FDQ EH
HVWLPDWHG LQ D VKDUHG FRQWH[W￿ )RU WKLV￿ ZH QHHG WR XVH IURQWLHU WHFKQLTXHV￿ ,Q WKLV SDSHU DQG
ZLWKRXW ORVV RI JHQHUDOLW\￿ D QRQ￿SDUDPHWULF IURQWLHU WHFKQLTXH ￿’($￿ LV XVHG￿ LQ WZR VWDJHV￿
)LUVW WKH UHJLRQDO LQHIILFLHQFLHV LQ HDFK VHFWRU DUH REWDLQHG VHSDUDWHO\￿ DV D EDVLV IRU VXEVHTXHQWO\
HVWLPDWLQJ WKH RYHUDOO LQWUD￿VHFWRU LQHIILFLHQF\ FRPSRQHQW IRU HDFK UHJLRQ￿ 6HFRQG￿ ZH XVH WKH
DJJUHJDWH OHYHO RI SURGXFWLRQ WKDW ZRXOG FRUUHVSRQG WR HDFK UHJLRQ LI LW ZHUH HIILFLHQW LQ HDFK
DQG HYHU\ VHFWRU WR REWDLQ WKH WUXH OHYHO RI SRWHQWLDO SURGXFWLRQ DQG WKH LQHIILFLHQF\ RI
FRPSRVLWLRQ￿ 7KLV SURFHGXUH HQDEOHV WKH SURSHU PHDVXUHPHQW RI LQHIILFLHQF\ WR EH REWDLQHG￿ DV
ZHOO DV LWV EUHDN￿GRZQ LQWR WKH SDUW RI LQHIILFLHQF\ WKDW LV GXH WR XQVXLWDEOH SURGXFWLYH
VSHFLDOL]DWLRQ DQG WKH RWKHU SDUW WKDW LV GXH WR LQHIILFLHQW XVH RI WKH UHVRXUFHV DOORFDWHG WR HDFK
SURGXFWLYH DFWLYLW\￿ 7KLV EUHDN￿GRZQ HQDEOHV XV WR DQDO\]H WKH FRQWULEXWLRQ RI WKH HYROXWLRQ RI
HIILFLHQF\ DQG RI HDFK RI LWV FRPSRQHQWV WR WKH SURFHVV RI FRQYHUJHQFH DPRQJ WKH 6SDQLVK
UHJLRQV￿
7KH SDSHU LV VWUXFWXUHG DV IROORZV￿ 6HFWLRQ ￿ GHVFULEHV WKH PHWKRGRORJ\ XVHG IRU WKH
HVWLPDWLRQ RI HIILFLHQF\ DQG IRU LWV EUHDN￿GRZQ LQWR LQWUD￿VHFWRU DQG FRPSRVLWLRQ HIILFLHQF\￿
6HFWLRQ ￿ GLVFXVVHV WKH VDPSOH DQG YDULDEOHV XVHG DQG SUHVHQWV WKH UHVXOWV REWDLQHG IRU WKH
6SDQLVK UHJLRQV GXULQJ WKH SHULRG ￿￿￿￿￿￿￿￿￿￿ 7KH FRQWULEXWLRQ RI WKH HYROXWLRQ RYHU WLPH RI
ERWK W\SHV RI LQHIILFLHQF\ WR UHJLRQDO FRQYHUJHQFH LQ 6SDLQ GXULQJ WKLV SHULRG LV RIIHUHG LQ
VHFWLRQ ￿￿ )LQDOO\￿ WKH SULQFLSDO FRQFOXVLRQV RI WKH SDSHU DUH UHIOHFWHG LQ VHFWLRQ ￿￿
￿￿ 0(7+2’2/2*<
,Q RUGHU WR LOOXVWUDWH WKH PHWKRGRORJ\ OHW XV DVVXPH WKDW WKHUH DUH 5 UHJLRQV DQG WKDW
;
Q
LP LV WKH YHFWRU RI 0 LQSXWV WKDW UHJLRQ L XVHV LQ VHFWRU Q IRU WKH SURGXFWLRQ RI <L
Q￿ 7KH
HIILFLHQF\ RI UHJLRQ L LQ VHFWRU Q ZLOO EH REWDLQHG E\ WKH IROORZLQJ VWDQGDUG ’($ SUREOHP
￿￿
                                                       
￿ 6HH &KDUQHV HW DO￿ ￿￿￿￿￿￿￿6
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i q LV WKH HIILFLHQF\ VFRUH RI UHJLRQ L LQ VHFWRU Q￿ DQG UHSUHVHQWV WKH SRWHQWLDO LQFUHDVH WKDW
UHJLRQ L FRXOG DFKLHYH LQ WKH RXWSXW RI VHFWRU Q ZLWKRXW QHHGLQJ WR LQFUHDVH WKH DPRXQW RI LQSXW
YHFWRU￿ 7KLV HIILFLHQF\ VFRUH LV REWDLQHG IURP WKH FRPSDULVRQ RI HDFK RI WKH UHJLRQV ZLWK
HIILFLHQW UHJLRQV RU ZLWK OLQHDU FRPELQDWLRQV RI HIILFLHQW UHJLRQV￿ 7KH OLQHDU FRPELQDWLRQV RI WKH







l ￿ UHSUHVHQW IRU HDFK UHJLRQ WKH PD[LPXP DWWDLQDEOH
RXWSXW LQ VHFWRU Q￿ 7KXV￿ LI ZH FDOO WKLV PD[LPXP DWWDLQDEOH VHFWRU RXWSXW RI UHJLRQ L LQ VHFWRU Q
DV
n
i Y ˆ ￿ WKH HIILFLHQF\ VFRUH LQ VHFWRU Q FDQ EH UHSUHVHQWHG DV WKH UDWLR EHWZHHQ WKLV PD[LPXP






















,Q JHQHUDO￿ 1 ³
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q LQGLFDWHV WKDW QR UHJLRQ￿ RU OLQHDU FRPELQDWLRQ RI UHJLRQV￿
SURGXFHV PRUH LQ VHFWRU Q ZLWK WKH VDPH RU OHVV LQSXWV WKDQ UHJLRQ L￿ DQG WKHUHIRUH UHJLRQ L
ZRXOG EH FRQVLGHUHG HIILFLHQW LQ VHFWRU Q￿ 2Q WKH RWKHU KDQG￿ LI 1 >
n
i q UHJLRQ L ZRXOG EH
LQHIILFLHQW LQ VHFWRU Q EHFDXVH WKHUH LV D UHJLRQ￿ RU D OLQHDU FRPELQDWLRQ RI UHJLRQV￿ WKDW SURGXFHV
) 1 ( -
n
i q PRUH LQ VHFWRU Q ZLWK WKH VDPH LQSXW RU OHVV￿
7KH DJJUHJDWH RXWSXW RI UHJLRQ L ￿Yi￿ LV REWDLQHG DV D VXP RI WKH RXWSXWV RI UHJLRQ L LQ
HDFK RI WKH 1 VHFWRUV￿ DV IROORZV￿








+RZHYHU￿ DV ZDV SRLQWHG RXW DERYH￿ WKH DJJUHJDWH SURGXFWLRQ IURQWLHU VKRXOG QRW EH
REWDLQHG IURP GDWD RI DJJUHJDWH SURGXFWLRQ￿ DV ZH ZRXOG XQGHU￿YDOXH LQHIILFLHQF\ E\ QRW
FRQVLGHULQJ WKH PXOWL￿SURGXFW QDWXUH RI WKH DFWLYLW\ DQG WKH SRVVLEOH H[LVWHQFH RI GLIIHUHQW OHYHOV
RI LQHIILFLHQF\ VHFWRU E\ VHFWRU￿ )RU WKLV SXUSRVH￿ LQ WKH ILUVW VWDJH ZH PXVW GLVFRXQW WKH7
LQHIILFLHQF\ RI HDFK UHJLRQ L LQ HDFK RI WKH 1 VHFWRUV￿ 7KLV LQHIILFLHQF\ RI UHJLRQ L LQ VHFWRU Q
￿
n
i q ￿ ZRXOG LQGLFDWH E\ KRZ PXFK LW LV SRVVLEOH WR LQFUHDVH WKH SURGXFWLRQ RI UHJLRQ L LQ VHFWRU Q
ZLWKRXW QHHGLQJ WR LQFUHDVH WKH LQSXWV XVHG￿
7KH VHFWRULDOO\ HIILFLHQW DJJUHJDWH SURGXFWLRQ RI HDFK UHJLRQ L ￿ i Y ˆ ￿ ZRXOG EH REWDLQHG DV
WKH VXP RI WKH PD[LPXP VHFWRU SURGXFWLRQV￿ L￿H￿ DV WKH VXP RI WKH VHFWRU RXWSXWV RQFH WKH
LQHIILFLHQFLHV LQ HDFK RI WKH VHFWRUV KDG EHHQ HOLPLQDWHG￿
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ˆ ˆ q
+RZHYHU￿ EHLQJ HIILFLHQW LQ HDFK VHFWRU GRHV QRW JXDUDQWHH EHLQJ HIILFLHQW LQ DJJUHJDWH
SURGXFWLRQ￿ VLQFH WKHUH LV VWLOO RQH W\SH RI LQHIILFLHQF\ DVVRFLDWHG ZLWK WKH VHFWRU FRPSRVLWLRQ RI
SURGXFWLRQ￿ ,Q RWKHU ZRUGV￿ EHLQJ HIILFLHQW LQ DJJUHJDWH SURGXFWLRQ QHFHVVDULO\ LPSOLHV EHLQJ
HIILFLHQW LQ HDFK DQG HYHU\ VHFWRU ￿L￿H￿ WR EH LQWUD￿VHFWRU HIILFLHQW￿￿ DQG DOVR KDYLQJ D FRUUHFW
FRPSRVLWLRQ RI SURGXFWLRQ ￿L￿H￿ WR EH FRPSRVLWLRQ HIILFLHQW￿￿
7KLV DJJUHJDWH PHDVXUH RI HIILFLHQF\ ZRXOG EH REWDLQHG IURP WKH DJJUHJDWH SURGXFWLRQ
IURQWLHU￿ ZKLFK ZRXOG UHSUHVHQW WKH PD[LPXP YDOXHV RI WKH DJJUHJDWH SURGXFWLRQ DIWHU GHGXFWLQJ
WKH VHFWRU LQHIILFLHQFLHV DQG ZLWK WKH FRUUHFW FRPSRVLWLRQ ￿
* ˆ
i Y ￿￿ 7KH WRWDO HIILFLHQF\ VFRUH ￿ i q ￿
FDQ EH H[SUHVVHG DV WKH TXRWLHQW RI WKLV PD[LPXP DWWDLQDEOH SURGXFWLRQ￿
* ˆ
i Y ￿ DQG REVHUYHG
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7KH VHFRQG IDFWRU￿ ￿ i i Y Y / ˆ ￿￿ LQGLFDWHV WKH DJJUHJDWH LQWUD￿VHFWRU LQHIILFLHQF\
IE
i q ￿ DQG LV PHUHO\ D
ZHLJKWHG PHDVXUHPHQW RI WKH GLIIHUHQW VHFWRU LQHIILFLHQFLHV
￿￿ 7KH ILUVW￿ ￿ i i Y Y ˆ / ˆ* ￿ UHSUHVHQWV WKH
LQHIILFLHQF\ GXH WR WKH FRPSRVLWLRQ RI SURGXFWLRQ￿ ￿
CE
i q ￿￿ ZKLFK ZRXOG H[LVW HYHQ LI QR
WHFKQLFDO LQHIILFLHQF\ H[LVWHG LQ DQ\ VHFWRU￿ 7KLV LQGLFDWRU RI LQHIILFLHQF\ RI FRPSRVLWLRQ LV
REWDLQHG RQ WKH EDVLV RI WKH IROORZLQJ SUREOHP IRU HDFK RI WKH 1 UHJLRQV￿
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7KH RYHUDOO HIILFLHQF\ LQGLFDWRU ￿ i q ￿ LV REWDLQHG HLWKHU LQGLUHFWO\ WKURXJK WKH TXRWLHQW EHWZHHQ
WKH PD[LPXP DWWDLQDEOH SURGXFWLRQ REWDLQHG IURP >￿@￿
CE
i i i Y Y q ˆ ˆ* = ￿ DQG WKH REVHUYHG RXWSXW































                                                       
￿ 1RWH WKDW SUREOHP >￿@ SURYLGHV D QHZ DSSURDFK RI HVWLPDWLQJ HIILFLHQF\￿ 7KH GLIIHUHQFH LV WKDW QRUPDOO\ REVHUYHG
SURGXFWLRQV DUH FRPSDUHG ZLWKRXW HOLPLQDWLQJ VHFWRU HIILFLHQF\￿ ZKHUHDV KHUH LW LV SURSRVHG WR HOLPLQDWH VHFWRU
HIILFLHQF\￿ ,Q PDWKHPDWLFDO WHUPV￿ WKH SURFHGXUH FRQVLVWV RI VXEVWLWXWLQJ i Y ˆ IRU i Y LQ WKH ULJKW KDQG VLGH RI WKH ILUVW
UHVWULFWLRQ RI SUREOHP >￿@￿9
￿￿ ’$7$ $1’ 5(68/76
7KH VDPSOH XVHG LV FRPSRVHG RI WKH $XWRQRPRXV &RPPXQLWLHV ￿UHJLRQV￿ RI 6SDLQ
￿H[FOXGLQJ &HXWD DQG 0HOLOOD￿ DQG FRYHUV WKH SHULRG ￿￿￿￿￿￿￿￿￿￿ )RU HDFK VHFWRU ZH VSHFLI\ RQH
RXWSXW ￿*9$ DW IDFWRU FRVW￿ DQG WZR LQSXWV￿ FDSLWDO ￿.￿ DQG ODERU ￿/￿￿ 7KH YDULDEOHV *9$ ￿<￿
DQG ODERU ￿/￿ DUH REWDLQHG IURP WKH LQIRUPDWLRQ VXSSOLHG VLQFH ￿￿￿￿ E\ WKH %%9￿ ZKLOH WKH
YDULDEOH UHSUHVHQWLQJ WKH VWRFN RI SULYDWH FDSLWDO ￿.￿ LV REWDLQHG IURP WKH HVWLPDWH E\ WKH
,QVWLWXWR 9DOHQFLDQR GH ,QYHVWLJDFLRQHV (FRQyPLFDV ￿,9,(￿ SXEOLVKHG E\ WKH %%9 )RXQGDWLRQ￿
DQG H[FOXGHV UHVLGHQWLDO FDSLWDO￿ 7KLV HVWLPDWH RI WKH VWRFN RI FDSLWDO FRYHUV WKH SHULRG ￿￿￿￿￿
￿￿￿￿￿ ZKLFK LV FRQVHTXHQWO\ WKH SHULRG DQDO\VHG LQ WKLV VWXG\￿
7KH LQIRUPDWLRQ VXSSOLHG E\ WKH %%9 DW VHFWRU OHYHO HQDEOHV IRXU VHFWRUV WR EH
GLVWLQJXLVKHG ZLWKRXW SUREOHPV RI KRPRJHQHLW\ RYHU WLPH￿ DJULFXOWXUH￿ LQGXVWU\￿ FRQVWUXFWLRQ
DQG VHUYLFHV￿ +RZHYHU￿ ZLWKLQ WKH LQGXVWULDO VHFWRU WKH HQHUJ\ VHFWRU LV VHSDUDWHG￿ WKDQNV WR WKH
HVWLPDWH PDGH E\ WKH ,9,( DQG XVHG E\ 0DV HW DO ￿￿￿￿￿E￿
￿ DQG 3pUH] HW DO ￿￿￿￿￿￿￿ 7KXV￿ WKH
VHFWRUV IRU ZKLFK D VHSDUDWH IURQWLHU SURGXFWLRQ IXQFWLRQ KDV EHHQ HVWLPDWHG DUH DJULFXOWXUH￿
LQGXVWU\ ￿H[FOXGLQJ HQHUJ\￿￿ HQHUJ\￿ FRQVWUXFWLRQ DQG VHUYLFHV￿ ,Q DGGLWLRQ￿ WKH HFRQRP\ DV D
ZKROH￿ REWDLQHG IURP WKH VXP RI WKH VHFWRU GDWD￿ LV DOVR DQDO\VHG
￿￿
$ ILUVW DSSUR[LPDWLRQ WR VHFWRU HIILFLHQF\ OHYHOV ￿
n
i q ￿ RI WKH 6SDQLVK HFRQRP\
￿￿ LV
UHSUHVHQWHG IRU WKH QDWLRQDO WRWDO LQ JUDSK ￿
￿￿ ￿ 7KLV JUDSK VKRZV WKH H[LVWHQFH RI VXEVWDQWLDO
GLIIHUHQFHV ERWK RI OHYHO DQG RI HYROXWLRQ RYHU WLPH DPRQJ WKH ILYH VHFWRUV FRQVLGHUHG￿ 7KXV￿
WKH VHFWRUV ZLWK ORZHVW HIILFLHQF\ OHYHOV DUH HQHUJ\ DQG DJULFXOWXUH￿ WKH DYHUDJH VFRUH IRU WKH
SHULRG EHLQJ ￿￿￿￿ DQG ￿￿￿￿ UHVSHFWLYHO\ ￿L￿H￿ WKHLU *9$ FRXOG LQFUHDVH E\ ￿￿￿ DQG ￿￿￿
UHVSHFWLYHO\ ZLWKRXW LQFUHDVLQJ WKH LQSXWV￿￿ 2Q WKH RWKHU KDQG￿ WKH HIILFLHQF\ VFRUHV LQ WKH
LQGXVWULDO￿ FRQVWUXFWLRQ DQG VHUYLFH VHFWRUV DUH KLJKHU DQG UHODWLYHO\ VLPLODU￿ DURXQG ￿￿￿￿
￿￿￿
                                                       
￿6HH LQ WKH DSSHQGL[ WR 0DV HW DO ￿￿￿￿￿E￿ WKH PHWKRGRORJ\ XVHG IRU WKH HVWLPDWLRQ RI SURGXFWLRQ DQG HPSOR\PHQW
LQ WKH HQHUJ\ VHFWRU￿
￿,Q WKH DEVHQFH RI UHJLRQDO GHIODWRUV￿ WKH GHIODWRUV RI WKH QDWLRQDO DFFRXQWLQJ RI WKH ,1( ￿,QVWLWXWR 1DFLRQDO GH
(VWDGtVWLFD￿ KDYH EHHQ XVHG￿ 7RWDO *9$ LQ SHVHWDV RI ￿￿￿￿ ZDV REWDLQHG DV D VXP RI WKH UHDO VHFWRU *9$V￿
10 The efficiency score of Spain has been obtained as the ratio between the maximum attainable output of all the
regions and the observed output of the whole Spanish economy.
￿￿,I WKH HIILFLHQF\ VFRUH ￿¤￿ LV HTXDO WR ￿￿ WKH UHJLRQ LV HIILFLHQW￿ WKH KLJKHU WKH YDOXH RI ¤ WKH JUHDWHU WKH LQHIILFLHQF\￿
￿¤￿￿￿￿￿￿￿ LQGLFDWHV WKH SHUFHQWDJH E\ ZKLFK WKH *9$ RI WKH UHJLRQV FRXOG EH LQFUHDVHG ZLWKRXW LQFUHDVLQJ WKH
LQSXWV XVHG￿
￿￿ 7KH RUGHULQJ LQ WHUPV RI HIILFLHQF\ RI WKH VHFWRUV RI SURGXFWLRQ FRQVLGHUHG FRLQFLGHV ZLWK WKDW REWDLQHG LQ
*XPEDX DQG 0DXGRV ￿￿￿￿￿￿ IRU WKH SHULRG ￿￿￿￿￿￿￿￿￿ XVLQJ WKH 5HJLRQDO $FFRXQWLQJ ￿&RQWDELOLGDG 5HJLRQDO￿R IW K H
,1(￿10



































































$JULFXOWXUH ,QGXVWU\ (QHUJ\ &RQVWUXFWLRQ 6HUYLFHV
7DEOH ￿ VKRZV WKH HIILFLHQF\ VFRUHV ￿
n
i q ￿ IRU WKH VHFWRUV FRQVLGHUHG￿ 7KH LQIRUPDWLRQ
HQDEOHV XV WR KLJKOLJKW WKDW￿
￿￿￿ ,Q WKH FDVH RI WKH DJULFXOWXUDO VHFWRU￿ WKH UHGXFWLRQ LQ LQHIILFLHQF\ OHYHOV LQ 6SDLQ LV D
SKHQRPHQRQ DIIHFWLQJ PRVW UHJLRQV ZLWK WKH H[FHSWLRQ RI $VWXULDV￿ &DQWDEULD￿ 9DOHQFLD
DQG 0DGULG￿ 7KH ORZHVW HIILFLHQF\ VFRUHV RFFXU LQ WKH QRUWKHUQ UHJLRQV RI WKH FRXQWU\
￿*DOLFLD￿ $VWXULDV DQG &DQWDEULD￿￿ /D 5LRMD￿ 9DOHQFLD￿ 1DYDUUD DQG WKH %DVTXH &RXQWU\
EHLQJ RQ WKH RWKHU KDQG WKH PRVW HIILFLHQW￿ 1HYHUWKHOHVV￿ WKHVH DYHUDJH HIILFLHQF\ OHYHOV
VKRXOG QRW PDVN WKH IDFW WKDW WKH 9DOHQFLDQ &RPPXQLW\ UHJLRQ KDV PRYHG IURP EHLQJ
RQ WKH IURQWLHU XQWLO WKH PLG￿￿￿￿￿V WR D OHYHO RI LQHIILFLHQF\ RI ￿￿￿￿ LQ ￿￿￿￿￿ $W WKH
RSSRVLWH H[WUHPH￿ $QGDOXVLD PRYHG IURP DQ LQHIILFLHQF\ OHYHO RI ￿￿￿￿ LQ ￿￿￿￿ WR VWDQG DW
WKH IURQWLHU IURP WKH PLG￿￿￿￿￿V￿￿￿￿ ,Q WKH FDVH RI WKH LQGXVWULDO VHFWRU￿ DOO WKH UHJLRQV H[FHSW ([WUHPDGXUD GHFUHDVHG WKHLU
HIILFLHQF\ VFRUHV LQ WKH SHULRG DQDO\VHG￿ ,Q JHQHUDO￿ $VWXULDV￿ WKH %DOHDULF ,VODQGV DQG
0DGULG DUH WKH PRVW HIILFLHQW UHJLRQV ￿IRU DOO WKH \HDUV RI WKH SHULRG 0DGULG LV VLWXDWHG DW
WKH IURQWLHU RI SURGXFWLRQ￿￿ ZKLOH ([WUHPDGXUD￿ 0XUFLD DQG /D 5LRMD DUH WKH OHDVW
HIILFLHQW￿ 7KH EHKDYLRU RI WKLV ODVW UHJLRQ LV QRWHZRUWK\￿ DV LQ VSLWH RI EHLQJ WKH VHFRQG
PRVW LQHIILFLHQW UHJLRQ LQ ￿￿￿￿ ￿￿￿￿￿￿ LW VWRRG DW WKH WHFKQRORJLFDO IURQWLHU LQ ￿￿￿￿￿
￿￿￿ &DQWDEULD￿ WKH %DOHDULFV￿ 0DGULG DQG 1DYDUUD KDYH WKH PRVW LQHIILFLHQW HQHUJ\ VHFWRUV
LQ 6SDLQ ZLWK VFRUHV DERYH ￿￿￿￿ 7KH PRVW HIILFLHQW UHJLRQV DUH 0XUFLD DQG $VWXULDV￿ :LWK
UHVSHFW WR HYROXWLRQ RYHU WLPH WKH FDVHV RI ([WUHPDGXUD DQG /D 5LRMD DUH ZRUWK
PHQWLRQLQJ EHFDXVH RI WKH HIIRUW PDGH WR UHGXFH LQHIILFLHQF\￿ WKH RSSRVLWH RI ZKDW
RFFXUUHG LQ WKH &DQDULHV DQG &DQWDEULD￿
￿￿￿ 7KH FRQVWUXFWLRQ VHFWRU KDV WKH VPDOOHVW GLIIHUHQFHV LQ WKH DYHUDJH OHYHOV RI HIILFLHQF\￿
WKH GLIIHUHQFH EHWZHHQ WKH PRVW HIILFLHQW UHJLRQ ￿/D 5LRMD￿ DQG WKH PRVW LQHIILFLHQW
￿$VWXULDV￿ LV DURXQG ￿￿￿￿ 1RWH DUH WKH VWHDG\ JDLQV LQ HIILFLHQF\ LQ $QGDOXVLD￿ 9DOHQFLD￿
*DOLFLD￿ 1DYDUUD DQG￿ DERYH DOO￿ ([WUHPDGXUD￿
￿￿￿ ,Q WKH VHUYLFHV VHFWRU￿ ZKLFK WRJHWKHU ZLWK LQGXVWU\ LV WKH PRVW HIILFLHQW￿ ZKDW VWDQGV
RXW LV WKH ORZ OHYHOV RI HIILFLHQF\ RI WKH ULFKHVW UHJLRQV ￿0DGULG￿ &DWDORQLD DQG WKH
%DOHDULFV￿ DV ZHOO DV WKH %DVTXH &RXQWU\￿ ,I ZH WDNH LQWR DFFRXQW WKH KLJK UHODWLYH
LPSRUWDQFH RI WKH VHUYLFHV VHFWRU LQ WKH ILUVW WKUHH UHJLRQV￿ LW LV ORJLFDO WKDW WKHVH UHJLRQV
VKRXOG DOVR EH WKH PRVW HIILFLHQW DW DJJUHJDWH OHYHO￿
)RU WKH DJJUHJDWH RI HDFK UHJLRQ￿ WKH LQWUD￿VHFWRU HIILFLHQF\ ￿
IE
i q ￿ LV PHUHO\ D ZHLJKWHG
DYHUDJH RI WKH VHFWRU HIILFLHQFLHV
￿￿￿ 7KHVH OHYHOV￿ ZKLFK DSSHDU DW WKH HQG RI WDEOH ￿￿ VKRZ WKDW
WKHUH LV QR HIILFLHQW UHJLRQ￿ DV QRQH DUH HIILFLHQW LQ DOO VHFWRUV￿ 7KH UHJLRQ ZLWK WKH ORZHVW OHYHO RI
LQHIILFLHQF\ LV 0DGULG ￿￿￿￿￿￿￿ VLQFH LW LV HIILFLHQW LQ WKH LQGXVWU\ DQG VHUYLFH VHFWRUV￿ ZKLFK
FRQFHQWUDWH ￿￿￿ RI LWV SURGXFWLRQ￿ $W WKH RSSRVLWH H[WUHPH DUH ([WUHPDGXUD DQG *DOLFLD ZLWK
DYHUDJH HIILFLHQF\ OHYHOV RI ￿￿￿￿ DQG ￿￿￿￿ UHVSHFWLYHO\￿ DV D FRQVHTXHQFH RI WKH KLJK UHODWLYH
LPSRUWDQFH RI WKH PRVW LQHIILFLHQW VHFWRU ￿DJULFXOWXUH￿￿
                                                       
￿￿ 6HH QRWH ￿￿14
,QWUD￿VHFWRU LQHIILFLHQF\ LQGLFDWHV WKH SHUFHQWDJH LQFUHDVH RI SURGXFWLRQ WKDW HDFK UHJLRQ
FRXOG DFKLHYH LI LW ZHUH HIILFLHQW LQ SURGXFWLRQ ZLWKLQ HDFK VHFWRU￿ +RZHYHU￿ WKH PD[LPXP
DFKLHYDEOH RXWSXW WKDW D UHJLRQ FRXOG REWDLQ E\ HOLPLQDWLQJ LQHIILFLHQF\ ZLWKLQ HDFK VHFWRU ￿
LQWUD￿VHFWRU HIILFLHQF\ ￿ PD\ GLIIHU IURP WKH PD[LPXP SURGXFWLRQ WKDW LW FRXOG REWDLQ E\ DW WKH
VDPH WLPH PRGLI\LQJ LQ WKH EHVW SRVVLEOH ZD\ LWV SURGXFWLYH VSHFLDOL]DWLRQ￿ $V ZDV VKRZQ LQ
VHFWLRQ ￿￿ WKLV VHFRQG FRPSRQHQW RI HIILFLHQF\￿ FRPSRVLWLRQ HIILFLHQF\ ￿
CE
i q ￿￿ LV REWDLQHG
WKURXJK WKH VROXWLRQ RI SUREOHP >￿@￿
7DEOH ￿ FRQWDLQV WKH OHYHOV RI FRPSRVLWLRQ HIILFLHQF\ ￿
CE
i q ￿￿ 7KH ILUVW WKLQJ WR QRWH LV
WKDW RQO\ 0DGULG LV HIILFLHQW LQ DOO \HDUV￿ ZKLFK LPSOLHV WKDW LW SUHVHQWV WKH FRPSRVLWLRQ RI
SURGXFWLRQ ZKLFK LV￿ DPRQJ DOO WKH RWKHU UHJLRQV￿ WKH PRVW HIILFLHQW￿ $OWKRXJK RWKHU UHJLRQV
KDYH DQ HIILFLHQW FRPSRVLWLRQ LQ FHUWDLQ \HDUV ￿ VXFK LV WKH FDVH RI WKH %DVTXH &RXQWU\￿ WKH
&DQDULHV￿ $UDJRQ DQG &DVWLOOD￿/HRQ ￿ RQO\ 0DGULG LV HIILFLHQW WKURXJKRXW WKH SHULRG DQDO\VHG￿
7KH SHFXOLDULW\ RI 0DGULG•V SURGXFWLYH VSHFLDOL]DWLRQ LV D KLJK UHODWLYH LPSRUWDQFH RI WKH VHUYLFH
VHFWRU DQG D YHU\ ORZ UHODWLYH LPSRUWDQFH RI WKH OHDVW SURGXFWLYH VHFWRUV￿ DJULFXOWXUH DQG HQHUJ\￿
$OVR￿ DV FDQ EH FOHDUO\ VHHQ LQ WDEOH ￿￿ LQ UHDO WHUPV WKH FRPSRVLWLRQ RI SURGXFWLRQ RI 0DGULG KDV
VFDUFHO\ YDULHG ZLWK WLPH￿ EHLQJ DOZD\V WKHUHIRUH WKH HIILFLHQW FRPSRVLWLRQ RI UHIHUHQFH￿15
5HDGLQJ WDEOHV ￿ DQG ￿ WRJHWKHU ZLOO KHOS WR XQGHUVWDQG WKH FDXVHV RI WKH GLIIHUHQFHV LQ
OHYHOV RI FRPSRVLWLRQ HIILFLHQF\ EHWZHHQ UHJLRQV￿ ,Q WKH OHDVW HIILFLHQW UHJLRQV ￿ ([WUHPDGXUD￿
*DOLFLD DQG /D 5LRMD ￿ WKH DJULFXOWXUH KDV D KLJK UHODWLYH LPSRUWDQFH￿ 7KLV IDFW￿ SOXV LWV KLJK
SHUFHQWDJH RI HQHUJ\ SURGXFWLRQ￿ PDNH ([WUHPDGXUD WKH UHJLRQ ZLWK PRVW LQHIILFLHQW
VSHFLDOL]DWLRQ￿
7RWDO HIILFLHQF\ LQ SURGXFWLRQ ￿ i q ￿ † ZKLFK LV WKH SURGXFW RI LQWUD￿VHFWRU HIILFLHQF\ DQG
FRPSRVLWLRQ HIILFLHQF\ ￿ UHSUHVHQWV WKH SRWHQWLDO LQFUHDVH LQ RXWSXW WKDW D UHJLRQ FRXOG REWDLQ E\
HOLPLQDWLQJ ERWK WKH LQHIILFLHQF\ ZLWK ZKLFK LW RSHUDWHV LQ HDFK VHFWRU ￿LQWUD￿VHFWRU HIILFLHQF\￿
IE
i q ￿￿ DQG WKDW UHVXOWLQJ IURP WKH FKRLFH RI DQ LQHIILFLHQW VSHFLDOL]DWLRQ ￿FRPSRVLWLRQ HIILFLHQF\￿
CE
i q ￿￿ ([SUHVVHG LQ RWKHU WHUPV￿ LW ZRXOG EH WKH UDWLR EHWZHHQ WKH PD[LPXP DWWDLQDEOH RXWSXW
￿
* ˆ
i Y ￿ DQG WKH REVHUYHG RXWSXW ￿<L￿￿ 7KH OHYHOV RI WRWDO HIILFLHQF\ ￿ i q ￿ ZKRVH YDOXHV DSSHDU LQ
WDEOH ￿ VKRZ WKDW QR UHJLRQ LV HIILFLHQW LQ WKLV VHQVH￿ DV HYHQ WKH PRVW HIILFLHQW ￿ 0DGULG ￿ KDV
VRPH GHJUHH RI LQWUD￿VHFWRU LQHIILFLHQF\￿ 0DGULG LV WKH PRVW HIILFLHQW UHJLRQ ￿￿￿￿￿￿￿ DV LWV
VSHFLDOL]DWLRQ LV WKH PRVW HIILFLHQW￿ ZLWK LQHIILFLHQFLHV LQ VHFWRUV ￿DJULFXOWXUH DQG HQHUJ\￿ ZKLFK
DUH UHODWLYHO\ XQLPSRUWDQW LQ LWV YHFWRU RI SURGXFWLRQ￿ $W WKH RSSRVLWH H[WUHPH DUH ([WUHPDGXUD
DQG *DOLFLD ZLWK KLJK GHJUHHV RI LQHIILFLHQF\ LQ VHFWRUV LQ ZKLFK WKH\ VSHFLDOL]H￿





IRU WKH 6SDQLVK HFRQRP\ VKRZV JDLQV LQ HIILFLHQF\ WKDW DUH JUHDWHU LQ WKH FDVH RI FRPSRVLWLRQ
HIILFLHQF\￿ *UDSK ￿ VKRZV FOHDUO\ WKDW￿ DOWKRXJK XQWLO WKH ODWH ￿￿￿￿V ERWK W\SHV RI LQHIILFLHQF\
ZHUH TXDQWLWDWLYHO\ VLPLODU￿ IURP WKHQ RQZDUGV WKH JDLQV LQ FRPSRVLWLRQ HIILFLHQF\ DUH PXFK
JUHDWHU￿ VR PXFK VR WKDW LQ ￿￿￿￿ WKH LQWUD￿VHFWRU LQHIILFLHQF\ LV IRXU WLPHV JUHDWHU WKDQ
FRPSRVLWLRQ LQHIILFLHQF\￿
7KH FRPSDULVRQ RI WRWDO HIILFLHQF\ ZLWK WKH HIILFLHQF\ WKDW ZRXOG EH REWDLQHG LI VHFWRU
LQHIILFLHQFLHV ZHUH LJQRUHG￿ DV RFFXUV LQ DQ\ DQDO\VLV XVLQJ DJJUHJDWH RXWSXW￿ LV UHSUHVHQWHG LQ
JUDSK ￿￿ 7KH JUDSK VKRZV￿ IRU WKH WRWDO RI 6SDLQ￿ WKH WRWDO HIILFLHQF\ VFRUH FDOFXODWHG XVLQJ WKH
WZR￿VWDJH DSSURDFK￿ H[SUHVVHG DV D SHUFHQWDJH RI WKH WRWDO HIILFLHQF\ VFRUH UHVXOWLQJ IURP WKH
VROXWLRQ RI SUREOHP >￿@ XVLQJ WKH DJJUHJDWH SURGXFWLRQ RI H[SUHVVLRQ >￿@￿ )RU WKH DYHUDJH RI WKH
SHULRG ￿￿￿￿￿￿￿￿￿￿ WKH WUXH LQHIILFLHQF\ LV ￿￿￿￿￿ KLJKHU WKDQ ZRXOG EH REWDLQHG E\ LJQRULQJ WKH
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,QWUD￿VHFWRU &RPSRVLWLRQ 7RWDO
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￿￿ ()),&,(1&< $1’ 5(*,21$/ &219(5*(1&(￿
,Q WKLV VHFWLRQ ZH ZLOO DQDO\]H WKH FRQWULEXWLRQ PDGH E\ WKH HYROXWLRQ RI WKH GLIIHUHQW
W\SHV RI LQHIILFLHQF\ WR WKH GHJUHH RI ODERU SURGXFWLYLW\ FRQYHUJHQFH H[SHULHQFHG E\ WKH 6SDQLVK
UHJLRQV GXULQJ WKH SHULRG ￿￿￿￿￿￿￿￿￿￿ )RU WKLV SXUSRVH ZH ZLOO XVH WKH UHVXOWV RI UHJLRQDO
LQHIILFLHQF\ VKRZQ LQ WKH SUHYLRXV VHFWLRQ WR EUHDN GRZQ WKH HFRQRPLF JURZWK RI WKH 6SDQLVK
UHJLRQV￿ 7KXV￿ ZH FDQ GLVWLQJXLVK ZKLFK SDUW RI WKH JURZWK RI ODERU SURGXFWLYLW\ ZDV GXH WR
JDLQV LQ LQWUD￿VHFWRU HIILFLHQF\ DQG ZKLFK WR JDLQV LQ FRPSRVLWLRQ HIILFLHQF\￿ 7KH UHPDLQGHU￿
ZKLFK FRLQFLGHV ZLWK WKH UDWH RI JURZWK WKDW ZRXOG KDYH EHHQ H[SHULHQFHG E\ ODERU SURGXFWLYLW\
LI WKHUH KDG QHYHU EHHQ DQ\ W\SH RI LQHIILFLHQF\ RU LW KDG EHHQ FRQVWDQW￿ LV WKH JURZWK WKDW LV WR
EH DWWULEXWHG WR WHFKQLFDO SURJUHVV DQG WR LQFUHDVHG HQGRZPHQW RI FDSLWDO SHU ZRUNHU￿
,QGHHG￿ WKH JURZWK UDWH RI ODERU SURGXFWLYLW\ FDQ EH EURNHQ GRZQ DV WKH VXP RI WKH
JURZWK UDWH RI LQWUD￿VHFWRU HIILFLHQF\￿ WKH JURZWK UDWH RI FRPSRVLWLRQ HIILFLHQF\ DQG WKH MRLQW
FRQWULEXWLRQ RI WKH LQFUHDVH LQ LQSXWV XVHG SHU ZRUNHU DQG RI WHFKQLFDO SURJUHVV￿ WKH ODWWHU EHLQJ
REWDLQHG UHVLGXDOO\￿
7KH DQDO\VLV RI WKH LQIOXHQFH WKDW HDFK RI WKH VRXUFHV RI JURZWK PD\ KDYH KDG RQ UHJLRQDO
FRQYHUJHQFH LQ 6SDLQ LV WKH DLP RI WKLV VHFWLRQ￿ ,Q WKH FDVH RI DEVROXWH b ￿FRQYHUJHQFH
￿￿ LW LQWHUHVWV
XV WR NQRZ ZKHWKHU WKH JURZWK RI ODERU SURGXFWLYLW\ GXH WR HDFK RI WKHVH IDFWRUV ZDV ￿L￿ JUHDWHU LQ
WKH UHJLRQV ZLWK ORZHU ODERU SURGXFWLYLW\ LQLWLDOO\￿ LQ ZKLFK FDVH WKLV IDFWRU ZRXOG KDYH FRQWULEXWHG WR
FRQYHUJHQFH￿ ￿LL￿ ORZHU LQ WKH UHJLRQV ZLWK LQLWLDOO\ ORZHU SURGXFWLYLW\￿ LQ ZKLFK FDVH LW ZRXOG KDYH
JHQHUDWHG GLYHUJHQFH￿ RU ￿LLL￿ EHDUV QR UHODWLRQ DW DOO WR WKH LQLWLDO VLWXDWLRQ￿ LQ ZKLFK FDVH LW ZRXOG KDYH
KDG QR HIIHFW RQ FRQYHUJHQFH￿
,Q HDFK SHULRG ZH FDQ HVWLPDWH E\ 2/6 WKH UHODWLRQVKLS EHWZHHQ WKH DYHUDJH ODERU
SURGXFWLYLW\ JURZWK IRU WKH SHULRG￿ DQG RI HDFK RI LWV FRPSRQHQWV￿ WR WKH ORJDULWKP RI WKH LQLWLDO
ODERXU SURGXFWLYLW\￿ 7KH HIIHFW RQ FRQYHUJHQFH ZLOO GHSHQG RQ WKH VLJQ RI WKH SDUDPHWHU
DFFRPSDQ\LQJ WKH ORJDULWKP RI WKH LQLWLDO ODERXU SURGXFWLYLW\￿ $ QHJDWLYH VLJQ LQGLFDWHV
FRQYHUJHQFH DQG D SRVLWLYH RQH￿ GLYHUJHQFH￿ )XUWKHUPRUH￿ LW LV HDV\ WR VHH WKDW WKH SDUDPHWHU RI
WRWDO FRQYHUJHQFH LV HTXDO WR WKH VXP RI WKH SDUDPHWHUV FRUUHVSRQGLQJ WR WKH VRXUFHV RI JURZWK￿
VR ZH FDQ EUHDN GRZQ WKH ODERU SURGXFWLYLW\ FRQYHUJHQFH LQWR WKH FRQWULEXWLRQ GXH WR WKH
FKDQJH LQ HDFK W\SH RI HIILFLHQF\ DQG WKDW GXH WR WKH MRLQW HIIHFW RI PRUH LQSXWV SHU ZRUNHU DQG
RI WHFKQLFDO SURJUHVV
￿￿￿
                                                       
￿￿ 7KLV GHQRPLQDWLRQ ZDV SURSRVHG E\ %DUUR DQG 6DOD￿L￿0DUWLQ ￿￿￿￿￿￿￿
￿￿ )RU DQ DSSOLFDWLRQ RI WKLV W\SH RI FRQYHUJHQFH DFFRXQWLQJ WR WKH FRXQWULHV RI WKH 2(&’ VHH 6HUUDQR ￿￿￿￿￿￿￿
7KH VDPH GHFRPSRVLWLRQ LV DSSOLHG LQ 0DXGRV HW DO￿ ￿￿￿￿￿￿ WR WKH 6SDQLVK UHJLRQV ZLWKRXW FRQVLGHULQJ ERWK W\SHV
RI LQHIILFLHQFLHV￿20
,Q SDUWLFXODU￿ ZH FDQ HVWLPDWH WKH UHODWLYH FRQWULEXWLRQ RI HDFK IDFWRU WR FRQYHUJHQFH
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ZKHUH ORJ \L￿￿ WKH ORJDULWKP RI KH LQLWLDO OHYHO RI ODERU SURGXFWLYLW\￿ LV DOZD\V WKH RQO\ UHJUHVVRU￿ 7KH
OHIW KDQG VLGH YDULDEOH LV WKH DQQXDO JURZWK UDWH RI ODERU SURGXFWLYLW\ LQ HTXDWLRQ >￿@￿ WKH DYHUDJH
FRQWULEXWLRQ RI HIILFLHQF\ JDLQV ￿(￿ WR WKDW JURZWK LQ HTXDWLRQ >￿@￿ WKH DYHUDJH FRQWULEXWLRQ RI LQWUD￿
VHFWRU HIILFLHQF\ JDLQV ￿,(￿ LQ HTXDWLRQ >￿￿@￿ WKH DYHUDJH FRQWULEXWLRQ RI FRPSRVLWLRQ HIILFLHQF\ JDLQV
￿&(￿ LQ HTXDWLRQ >￿￿@￿ DQG WKH DYHUDJH FRQWULEXWLRQ RI WKH DFFXPXODWLRQ RI LQSXWV SHU ZRUNHU DQG RI
WHFKQLFDO SURJUHVV ￿,￿ LQ HTXDWLRQ >￿￿@￿ )XUWKHUPRUH￿ LW FDQ EH VHHQ WKDW DPRQJ WKH HVWLPDWRUV RI WKHVH
SDUDPHWHUV WKHUH DUH UHODWLRQVKLSV VXFK DV￿
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,Q WDEOH ￿ ZH RIIHU WKH UHVXOWV IRU WKH SHULRG ￿￿￿￿￿￿￿￿￿ DQG IRU WKUHH GLIIHUHQWLDWHG VXE￿
SHULRGV LQ WKH JURZWK RI WKH 6SDQLVK HFRQRP\￿ D VXE￿SHULRG RI LQWHQVH JURZWK ￿￿￿￿￿￿￿￿￿￿￿￿ D
VXE￿SHULRG RI FULVLV ￿￿￿￿￿￿￿￿￿￿￿ DQG D VXE￿SHULRG RI UHFRYHU\ ￿￿￿￿￿￿￿￿￿￿￿￿ &ROXPQ ￿ VKRZV WKH
H[LVWHQFH RI FRQYHUJHQFH LQ WKH OHYHOV RI ODERU SURGXFWLYLW\ GXULQJ WKH SHULRG￿ ,WV FXPXODWLYH
PDJQLWXGH ￿￿￿￿￿￿￿￿ DQG LWV HYROXWLRQ RYHU WLPH￿ DJUHHV ZLWK WKH UHVXOWV KDELWXDOO\ RIIHUHG E\ WKH
OLWHUDWXUH
￿￿￿ 7KXV￿ WKHUH ZDV FRQYHUJHQFH ERWK LQ WKH SHULRG ￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ DQG GXULQJ WKH
FULVLV RI ￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿ LQWHQVLI\LQJ LQ WKH ODVW VXE￿SHULRG ￿￿￿￿￿￿￿￿￿ 2I JUHDWHU LQWHUHVW LV
WKH DQDO\VLV RI WKH EUHDN￿GRZQ RI WKLV SURFHVV RI FRQYHUJHQFH LQ WHUPV RI WKH GLIIHUHQW VRXUFHV
RI JURZWK￿
                                                       
￿￿ ’RODGR HW DO￿ ￿￿￿￿￿￿￿ 0DV HW DO￿ ￿￿￿￿￿D￿ ￿￿￿￿ DQG ￿￿￿￿￿￿ ’H OD )XHQWH ￿￿￿￿￿￿￿ 0DXGRV HW DO￿ ￿￿￿￿￿￿ DPRQJ RWKHUV￿21
&ROXPQ ￿ VKRZV WKH LQGXFHG HIIHFW RQ FRQYHUJHQFH RI WKH FKDQJH LQ WRWDO HIILFLHQF\￿ $V
FDQ EH REVHUYHG￿ WKH FXPXODWLYH HIIHFW LQ WKH SHULRG DV D ZKROH ￿￿￿￿￿￿￿￿ LV VWDWLVWLFDOO\ VLJQLILFDQW￿
FRQWULEXWLQJ SRVLWLYHO\ WR FRQYHUJHQFH￿ ,Q WKH VXE￿SHULRG ￿￿￿￿￿￿￿￿￿ LWV HIIHFW￿ WKRXJK GLYHUJHQW￿
ZDV QHJOLJLEOH ￿￿￿￿￿￿￿￿ DQG QRW VLJQLILFDQW￿ ,Q WKH SHULRG ￿￿￿￿￿￿￿￿￿￿ RQ WKH RWKHU KDQG￿ WKH
FKDQJH LQ HIILFLHQF\ ZDV D VLJQLILFDQW VRXUFH RI FRQYHUJHQFH ￿￿￿￿￿￿￿￿￿ ’XULQJ WKH SHULRG RI
HFRQRPLF FULVLV￿ ZKLFK DIIHFWHG HVSHFLDOO\ FHUWDLQ LQGXVWULDO VHFWRUV￿ WKH UHJLRQV ZLWK KLJKHVW
OHYHOV RI ODERU SURGXFWLYLW\￿ PRUH LQGXVWULDOL]HG￿ H[SHULHQFHG ORVVHV RI HIILFLHQF\ LQ UHODWLYH WHUPV￿
)LQDOO\￿ GXULQJ WKH SHULRG ￿￿￿￿￿￿￿￿￿ HIILFLHQF\ ZDV D VLJQLILFDQW VRXUFH RI FRQYHUJHQFH ￿￿￿￿￿￿￿￿￿
GXH WR WKH IDFW WKDW WKH UHJLRQV ZLWK ORZHVW ODERU SURGXFWLYLW\ LPSURYHG WKHLU HIILFLHQF\ LQ
UHODWLYH WHUPV￿ $OWRJHWKHU￿ WKH FRQWULEXWLRQ RI HIILFLHQF\ WR ODERU SURGXFWLYLW\ FRQYHUJHQFH LV
FKDUDFWHUL]HG E\ LWV YDULDELOLW\￿ DV LQ VRPH SHULRGV LW JHQHUDWHV GLYHUJHQFH DQG LQ RWKHUV
FRQYHUJHQFH￿ DQG E\ LWV HYHU￿JUHDWHU PDJQLWXGH￿ +RZHYHU￿ WKLV RYHUDOO HYROXWLRQ PDVNV WKH HIIHFW
RI WKH GLIIHUHQW VRXUFHV RI LQHIILFLHQF\￿
7KH HIIHFW RI JDLQV LQ LQWUD￿VHFWRU HIILFLHQF\ FDQ EH VHHQ LQ FROXPQ ￿￿ 7KH UHVXOWV LQGLFDWH
WKDW LW KDV EHHQ D V\VWHPDWLF DQG VLJQLILFDQW VRXUFH RI FRQYHUJHQFH￿ WKRXJK LQFUHDVLQJO\ ZHDNHU￿
,Q JHQHUDO￿ WKH UHJLRQV ZLWK KLJKHVW LQLWLDO ODERU SURGXFWLYLW\ KDYH H[SHULHQFHG ORZHU JDLQV LQ
HIILFLHQF\ ZLWKLQ HDFK VHFWRU LQ UHODWLYH WHUPV￿ 7KXV WKH HIIHFW RYHU WKH ZKROH RI WKH SHULRG ZDV ￿
￿￿￿￿￿￿ EHLQJ VRPHZKDW JUHDWHU LQ WKH LQLWLDO VXE￿SHULRG RI H[SDQVLRQ￿ ￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿ DQG
UDWKHU OHVV GXULQJ WKH FULVLV ￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ DQG WKH VXE￿SHULRG ￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿
&ROXPQ ￿ VKRZV WKH UHVXOWV FRUUHVSRQGLQJ WR WKH JDLQV LQ FRPSRVLWLRQ HIILFLHQF\￿ 7KH
FXPXODWLYH HIIHFW RYHU WKH SHULRG ZDV FRQYHUJHQW ￿￿￿￿￿￿￿￿ EXW QRW VLJQLILFDQW￿ ,Q IDFW￿
FRPSRVLWLRQ HIILFLHQF\ ZDV DQ LPSRUWDQW VRXUFH RI GLYHUJHQFH LQ WKH VXE￿SHULRG ￿￿￿￿￿￿￿￿￿
￿￿￿￿￿￿￿￿￿ +RZHYHU￿ GXULQJ WKH VXE￿SHULRG ￿￿￿￿￿￿￿￿￿ LW EHFDPH WKH PDLQ VRXUFH RI FRQYHUJHQFH
￿￿￿￿￿￿￿￿￿ 7KLV WUHQG ZDV UHLQIRUFHG GXULQJ WKH ODVW VXE￿SHULRG￿ LQ ZKLFK RQFH DJDLQ WKH JUHDWHU
SDUW RI UHJLRQDO FRQYHUJHQFH FRXOG EH DWWULEXWHG WR WKLV IDFWRU ￿￿￿￿￿￿￿￿￿
)LQDOO\￿ WKH HIIHFW DWWULEXWDEOH WR WKH DFFXPXODWLRQ RI LQSXWV SHU ZRUNHU DQG WR WHFKQLFDO
SURJUHVV FDQ EH VHHQ LQ FROXPQ ￿￿ 7KLV ZDV D V\VWHPDWLF DQG VLJQLILFDQW VRXUFH RI FRQYHUJHQFH
LQ WKH SHULRG DV D ZKROH ￿￿￿￿￿￿￿￿ DV ZHOO DV LQ HDFK RI WKH WKUHH VXE￿SHULRGV￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ DQG ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿ 7KXV￿ WKH DFFXPXODWLRQ RI IDFWRUV RI SURGXFWLRQ DQG￿RU
WHFKQLFDO SURJUHVV ZHUH JUHDWHU LQ WKH UHJLRQV ZLWK ORZHU LQLWLDO OHYHOV RI ODERU SURGXFWLYLW\￿ DQG
DV D UHVXOW WKLV WHQGHG WR FRQYHUJH DW UHJLRQDO OHYHO￿
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+DYLQJ UHDFKHG WKLV SRLQW￿ LW LV SRVVLEOH WR H[DPLQH LQ GHSWK WKH HYROXWLRQ RI UHJLRQDO
ODERU SURGXFWLYLW\ LQ 6SDLQ￿ 7KXV￿ WKHUH LV DQ DSSUHFLDEOH TXDOLWDWLYH GLIIHUHQFH EHWZHHQ WKH
FRQYHUJHQFH H[SHULHQFHG LQ WKH VXE￿SHULRG ￿￿￿￿￿￿￿￿￿ DQG WKDW RI WKH WZR IROORZLQJ VXE￿SHULRGV￿
,Q WKH ILUVW FDVH WKLV LV GXH WR WKH LQWHQVH FRQYHUJHQFH HIIHFW RI WKH DFFXPXODWLRQ RI IDFWRUV DQG
WHFKQLFDO SURJUHVV DGGHG WR LQWUD￿VHFWRU HIILFLHQF\￿ ZKLFK FRXQWHUDFW WKH VWURQJ GLYHUJHQFH
LQGXFHG E\ WKH JDLQV LQ FRPSRVLWLRQ HIILFLHQF\￿ +RZHYHU￿ WKH ODWWHU DUH WKH PDLQ VRXUFH RI WKH
LQWHQVH FRQYHUJHQFH GXULQJ WKH IROORZLQJ VXE￿SHULRGV￿
$OWRJHWKHU￿ JDLQV LQ HIILFLHQF\ KDYH FRQWULEXWHG VXEVWDQWLDOO\ WR UHJLRQDO FRQYHUJHQFH LQ
6SDLQ￿ ,Q SDUWLFXODU￿ WKH JDLQV LQ FRPSRVLWLRQ HIILFLHQF\ KDYH FKDQJHG IURP EHLQJ DQ LPSRUWDQW
VRXUFH RI GLYHUJHQFH WR EHLQJ WKH PDLQ VRXUFH RI FRQYHUJHQFH￿ WDNLQJ RYHU IURP JDLQV LQ LQWUD￿
VHFWRU HIILFLHQF\￿ 7KH ODWWHU￿ RQ WKH RWKHU KDQG￿ DIWHU EHLQJ DQ LPSRUWDQW VRXUFH RI FRQYHUJHQFH
KDYH FHDVHG WR FRQWULEXWH VLJQLILFDQWO\ WR WKLV SURFHVV￿ 6WUXFWXUDO FKDQJH LQ WKH UHJLRQDO
HFRQRPLHV DSSHDUV DV D NH\ IDFWRU LQ HFRQRPLF FRQYHUJHQFH￿ +RZHYHU￿ WKLV SURFHVV KDV WR D
ODUJH H[WHQW UHGXFHG WKH PDJQLWXGH RI FRPSRVLWLRQ LQHIILFLHQF\ DV VKRZQ E\ JUDSK ￿￿ ,W LV
WKHUHIRUH QRW WR EH H[SHFWHG WKDW IXWXUH UHGXFWLRQV LQ FRPSRVLWLRQ LQHIILFLHQF\ ZLOO JHQHUDWH
FRQYHUJHQFH ZLWK DV PXFK LQWHQVLW\ DV LQ WKH SDVW￿ )XWXUH FRQYHUJHQFH ZLOO WKXV KDYH WR EH EDVHG
RQ WKH UHGXFWLRQ RI LQWUD￿VHFWRU LQHIILFLHQF\￿ DFFXPXODWLRQ RI FDSLWDO DQG￿RU WHFKQLFDO SURJUHVV￿23
￿￿ &21&/86,216
7KLV SDSHU SURSRVHV D PHWKRGRORJ\ IRU FRQVLGHULQJ WKH LPSRUWDQFH RI WKH FRPSRVLWLRQ
RI SURGXFWLRQ ZKHQ TXDQWLI\LQJ DQG HYDOXDWLQJ WHFKQLFDO HIILFLHQF\ DQG DQDO\]HV LWV LPSRUWDQFH
DV D VRXUFH RI FRQYHUJHQFH￿ )RU WKLV SXUSRVH￿ XVLQJ DV WKH FDVH IRU VWXG\ WKH PDMRU SURGXFWLYH
VHFWRUV RI WKH 6SDQLVK UHJLRQV LQ WKH SHULRG ￿￿￿￿￿￿￿￿￿￿ WRWDO LQHIILFLHQF\ LV EURNHQ GRZQ LQWR
RQH SDUW WKDW LV DWWULEXWDEOH WR WKH H[LVWHQFH RI LQHIILFLHQFLHV ZLWKLQ HDFK VHFWRU † LQWUD￿VHFWRU
LQHIILFLHQF\ ￿ DQG DQRWKHU SDUW DWWULEXWDEOH WR WKH FKRLFH RI D SURGXFWLYH VSHFLDOL]DWLRQ WKDW GRHV
QRW PLQLPL]H LQHIILFLHQF\ ￿ FRPSRVLWLRQ LQHIILFLHQF\￿ 7KH FRPSDULVRQ RI WRWDO LQHIILFLHQF\ WKXV
REWDLQHG ZLWK WKDW UHVXOWLQJ IURP ZRUNLQJ ZLWK DJJUHJDWH GDWD￿ ZKLFK LJQRUH WKH FRPSRVLWLRQ RI
SURGXFWLRQ￿ VKRZV WKDW WKH ODWWHU XQGHUHVWLPDWHV WKH WUXH LQHIILFLHQF\￿ 7KXV￿ IRU D SURSHU
HYDOXDWLRQ RI HIILFLHQF\￿ SURGXFWLYH VSHFLDOL]DWLRQ PXVW EH FRQVLGHUHG￿
6HFWRU DQDO\VLV UHYHDOV WKH H[LVWHQFH RI LPSRUWDQW GLIIHUHQFHV LQ HIILFLHQF\￿ WKH PRVW
LQHIILFLHQW VHFWRUV EHLQJ DJULFXOWXUH DQG HQHUJ\￿ 7KH EUHDN￿GRZQ RI HIILFLHQF\ JDLQV LQWR DQ
LQWUD￿VHFWRU FRPSRQHQW DQG D FRPSRQHQW DVVRFLDWHG ZLWK WKH YDULDWLRQ LQ WKH FRPSRVLWLRQ RI
SURGXFWLRQ VKRZV WKDW￿ DOWKRXJK XQWLO WKH ODWH ￿￿￿￿V WKH TXDQWLWDWLYH LPSRUWDQFH RI ERWK W\SHV RI
LQHIILFLHQF\ ZDV VLPLODU￿ IURP WKHQ RQZDUGV JDLQV LQ FRPSRVLWLRQ HIILFLHQF\ DUH PXFK PRUH
LPSRUWDQW￿ WR WKH H[WHQW WKDW LQ WKH ODVW \HDU DQDO\VHG ￿￿￿￿￿￿￿ LQWUD￿VHFWRU LQHIILFLHQF\ LV IRXU
WLPHV KLJKHU WKDQ FRPSRVLWLRQ LQHIILFLHQF\￿ 7KXV￿ WKHVH UHVXOWV VXJJHVW WKDW IXWXUH HIIRUWV WR
UHGXFH LQHIILFLHQF\ VKRXOG EH DLPHG DW LPSURYLQJ WKH HIILFLHQF\ RI XVH RI SURGXFWLYH IDFWRUV LQ
HDFK VHFWRU RI DFWLYLW\￿ UDWKHU WKDQ UHDOORFDWLQJ UHVRXUFHV DPRQJ VHFWRUV￿
7KH EUHDN￿GRZQ RI ODERU SURGXFWLYLW\ FRQYHUJHQFH LQWR LWV GLIIHUHQW FRPSRQHQWV ￿ LQWUD￿
VHFWRU HIILFLHQF\ JDLQV￿ FRPSRVLWLRQ HIILFLHQF\ JDLQV￿ DQG D UHVLGXDO IDFWRU DWWULEXWDEOH WR WKH
DFFXPXODWLRQ RI FDSLWDO DQG WHFKQLFDO SURJUHVV ￿ VKRZV WKDW HIILFLHQF\ FDQ DFW DV D IDFWRU RI
FRQYHUJHQFH￿ 7KXV￿ IRU WKH ZKROH RI WKH SHULRG DQDO\VHG ￿￿￿￿￿￿￿￿￿￿￿￿ WKH UHJLRQV WKDW ZHUH
LQLWLDOO\ SRRUHVW ￿ZLWK ORZHVW ODERU SURGXFWLYLW\￿ UHGXFHG WKHLU OHYHOV RI LQHIILFLHQF\ DW D IDVWHU UDWH
WKDW WKH ULFKHU UHJLRQV￿ DERYH DOO DV D UHVXOW RI WKH UHGXFWLRQ RI LQWUD￿VHFWRU LQHIILFLHQF\￿
1HYHUWKHOHVV￿ WKH DQDO\VLV E\ VXE￿SHULRGV LQGLFDWHV WKDW WKLV W\SH RI LQHIILFLHQF\ FHDVHV WR EH D
VLJQLILFDQW VRXUFH RI FRQYHUJHQFH IURP WKH HDUO\ ￿￿￿￿V￿ FRPSRVLWLRQ HIILFLHQF\ JDLQV EHLQJ IURP
WKHQ RQZDUGV D VRXUFH RI FRQYHUJHQFH HYHQ PRUH LPSRUWDQW WKDQ FDSLWDO DFFXPXODWLRQ DQG
WHFKQLFDO SURJUHVV￿24
5()(5(1&(6
%DUUR￿ -￿ DQG 6DOD￿L￿0DUWLQ￿ ;￿ ￿￿￿￿￿￿￿ ·&RQYHUJHQFH￿￿ -RXUQDO RI 3ROLWLFDO (FRQRP\￿ YRO￿ ￿￿￿￿ ￿￿￿￿
￿￿￿
%HUQDUG￿ $￿ %￿ DQG -RQHV￿ &￿ ,￿ ￿￿￿￿￿￿￿ ·3URGXFWLYLW\ $FURVV ,QGXVWULHV DQG &RXQWULHV￿ 7LPH 6HULHV
7KHRU\ DQG (YLGHQFH￿￿ 7KH 5HYLHZ RI (FRQRPLFV DQG 6WDWLVWLFV￿ ￿￿￿￿￿￿￿￿
&KDUQHV￿ $￿￿ :￿:￿ &RRSHU DQG (￿ 5KRGHV ￿￿￿￿￿￿￿ ·0HDVXULQJ WKH HIILFLHQF\ RI GHFLVLRQ PDNLQJ
XQLWV￿￿ (XURSHDQ -RXUQDO RI 2SHUDWLRQDO 5HVHDUFK ￿￿ ￿￿￿￿￿￿￿￿
&KDUQHV￿ $￿￿ :￿:￿ &RRSHU DQG (￿ 5KRGHV ￿￿￿￿￿￿￿ ·(YDOXDWLQJ SURJUDP DQG PDQDJHULDO HIILFLHQF\￿ DQ
DSSOLFDWLRQ RI GDWD HQYHORSPHQW DQDO\VLV WR SURJUDP IROORZ WKURXJK￿￿ 0DQDJHPHQW 6FLHQFH￿ ￿￿￿ ￿￿￿￿￿￿￿￿
’H OD )XHQWH￿ $￿ ￿￿￿￿￿￿￿ ·(FRQRPtD UHJLRQDO GHVGH XQD SHUVSHFWLYD QHRFOiVLFD￿ ’H FRQYHUJHQFLD \
RWUDV KLVWRULDV￿￿ 5HYLVWD GH (FRQRPtD $SOLFDGD￿ 9RO￿ ￿￿￿￿￿￿ ￿￿￿￿￿
’RODGR￿ -￿￿ *RQ]iOH]￿3iUDPR￿ -￿0￿￿ DQG 5ROGiQ￿ -￿0￿ ￿￿￿￿￿￿￿ ￿&RQYHUJHQFLD HQWUH ODV SURYLQFLDV
HVSDxRODV￿￿ 0RQHGD \ &UpGLWR ￿￿￿￿ ￿￿￿￿￿￿￿
)lUH￿ 5￿￿ *URVVNRSI￿ 6￿￿ 0RUULV￿ 0￿ DQG =KDQJ￿ =￿ ￿￿￿￿￿￿￿ ·3URGXFWLYLW\ *URZWK￿ 7HFKQLFDO 3URJUHVV￿
DQG (IILFLHQF\ LQ ,QGXVWULDOL]HG &RXQWULHV￿￿ $PHULFDQ (FRQRPLF 5HYLHZ ￿￿￿￿￿￿ ￿￿￿￿￿￿
)HFKHU￿ )￿ DQG 3HUHOPDQ 6￿ ￿￿￿￿￿￿￿ ￿3URGXFWLYLW\ *URZWK DQG 7HFKQLFDO (IILFLHQF\ LQ 2(&’
,QGXVWULDO $FWLYLWLHV￿￿ ,QGXVWULDO (IILFLHQF\ LQ 6L[ 1DWLRQV￿ 5LFKDUG &DYHV ￿(G￿￿￿ ￿￿￿￿￿￿￿￿ 0,7 3UHVV￿
&DPEULGJH 0DVVDFKXVHWWV￿
)XQGDFLyQ %%9￿,9,( ￿￿￿￿￿￿￿ (O 6WRFN GH &DSLWDO HQ OD (FRQRPtD (VSDxROD￿ 0DV￿ 0￿￿ 3pUH]￿ )￿ DQG (￿
8ULHO ￿GLUHFWRUHV￿￿ ￿
D HGLFLyQ UHYLVDGD￿ %LOEDR￿
*URVVNRSI￿ 6￿ ￿￿￿￿￿￿￿ ·(IILFLHQF\ DQG 3URGXFWLYLW\￿￿ LQ 7KH 0HDVXUHPHQW RI 3URGXFWLYH (IILFLHQF\￿ 7HFKQLTXHV
DQG $SSOLFDWLRQV￿ +DUROG 2￿ )ULHG￿ &￿$￿.￿ /RYHOO DQG 6KHOWRQ 6￿ 6FKPLGW ￿(GV￿￿￿ 2[IRUG￿ 2[IRUG
8QLYHUVLW\ 3UHVV￿ ￿￿￿￿￿￿￿￿
*XPEDX￿ 0￿ DQG 0DXGRV￿ -￿ ￿￿￿￿￿￿￿ ·(ILFLHQFLD SURGXFWLYD VHFWRULDO HQ OD UHJLRQHV HVSDxRODV￿
XQD DSUR[LPDFLyQ IURQWHUD￿￿ 5HYLVWD (VSDxROD GH (FRQRPtD ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿
0DXGRV￿ -￿￿ 3DVWRU￿ -￿0￿ DQG 6HUUDQR￿ /￿ ￿￿￿￿￿￿￿ ·&RQYHUJHQFLD HQ ODV UHJLRQHV HVSDxRODV￿ FDPELR
WpFQLFR￿ HILFLHQFLD \ SURGXFWLYLGDG￿￿ 5HYLVWD (VSDxROD GH (FRQRPLD ￿IRUWKFRPLQJ￿￿25
0DV￿ 0￿￿ 0DXGRV￿ -￿￿ 3pUH]￿ )￿ DQG 8ULHO￿ (￿ ￿￿￿￿￿D￿￿ ￿’LVSDULGDGHV UHJLRQDOHV \ FRQYHUJHQFLD HQ ODV
&&￿$$￿￿ 5HYLVWD GH (FRQRPtD $SOLFDGD￿ 9RO￿ ,, ￿￿￿￿ ￿￿￿￿￿￿￿￿
0DV￿ 0￿￿ 0DXGRV￿ -￿￿ 3pUH]￿ )￿ DQG 8ULHO￿ (￿ ￿￿￿￿￿E￿￿ ￿&DSLWDO S~EOLFR \ SURGXFWLYLGDG GH OD UHJLRQHV
HVSDxRODV￿￿ 0RQHGD \ &UpGLWR￿ ￿￿￿￿ ￿￿￿￿￿￿￿￿
0DV￿ 0￿￿ 0DXGRV￿ -￿￿ 3pUH]￿ )￿ DQG 8ULHO￿ (￿ ￿￿￿￿￿￿￿ ￿3XEOLF FDSLWDO DQG FRQYHUJHQFH LQ WKH 6SDQLVK
UHJLRQV￿￿ (QWUHSUHQHXUVKLS DQG 5HJLRQDO ’HYHORSPHQW￿ 9RO￿ ￿￿￿￿￿ ￿￿￿￿￿￿￿￿
0DV￿ 0￿￿ 0DXGRV￿ -￿￿ 3pUH]￿ )￿ DQG 8ULHO￿ (￿ ￿￿￿￿￿￿￿ ￿3XEOLF FDSLWDO￿ SURGXFWLYH HIILFLHQF\ DQG
FRQYHUJHQFH LQ WKH 6SDQLVK UHJLRQV￿ ￿￿￿￿￿￿￿￿￿ 7KH 5HYLHZ RI ,QFRPH DQG :HDOWK ￿ YRO￿ ￿￿￿￿￿￿
￿IRUWKFRPLQJ￿￿
3HUHOPDQ￿ 6￿ ￿￿￿￿￿￿￿ ·5￿’￿ 7HFKQRORJLFDO 3URJUHVV DQG (IILFLHQF\ &KDQJH LQ ,QGXVWULDO
$FWLYLWLHV￿ 7KH 5HYLHZ RI ,QFRPH DQG :HDOWK ￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿
6HUUDQR￿ /￿ ￿￿￿￿￿￿￿ ·2Q FRQYHUJHQFH DFFRXQWLQJ￿￿ $SSOLHG (FRQRPLF /HWWHUV ￿IRUWKFRPLQJ￿￿
7DVNLQ￿ )￿ DQG =DLP￿ 2￿ ￿￿￿￿￿￿￿ ·&DWFKLQJ￿XS DQG LQQRYDWLRQ LQ KLJK￿ DQG ORZ￿LQFRPH
FRXQWULHV￿￿ (FRQRPLFV /HWWHUV￿ ￿￿￿ ￿￿￿￿￿￿￿